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1 Model Inputs
1.1 Virtual US Population
We synthesized data from multiple sources to create a nationally-representative virtual population of US
adults, accounting for demographic trends and trends in BMI and smoking within each demographic group.

We modelled the following demographic groups:

Group Description
Year Single year, 1999-2016
State 50 States + DC
Sex Male, Female
Race/Ethnicity White non-Hispanic, Black non-Hispanic, Hispanic, Other non-Hispanic
Age Group 20-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, 85+

1.1.1 Population Size

We obtained estimates of the population size of each subgroup by year from CDC Wonder.

To improve sample size we grouped American Indian or Alaska Native; Asian or Pacific Islander as “Other”.

To account for suppressed population estimates, we used a hierarchical approach, where any suppressed
estimates for specific race/ethnicity subgroups (year, state, sex, age group) were imputed (based on the
marginal distribution of race/ethnicity by year, state, sex) so that the total population was consistent with
totals by year, state, sex, and age group.

Reference: Centers for Disease Control and Prevention, National Center for Health Statistics. Compressed
Mortality File 1999-2016 on CDC WONDER Online Database, released June 2017. Data are from the
Compressed Mortality File 1999-2016 Series 20 No. 2U, 2016, as compiled from data provided by the 57 vital
statistics jurisdictions through the Vital Statistics Cooperative Program. Accessed at http://wonder.cdc.gov
/cmf-icd10.html on Mar 26, 2021 12:05:26 PM

1.1.2 Behavioral Risk Factor Surveillance System (BRFSS)

We pooled BRFSS data from 1999-2016, totaling 6,680,694 observations. We harmonized variable definitions
across years and set age groups to the midpoint age in BRFSS rounds 2011-2016.

We excluded respondents from Guam, Puerto Rico, or the Virgin Islands (n=127,896).

We sequentially excluded respondents who reported being pregnant (n=47,871), those with no sex recorded
(n=66), those with no age reported (n=62,147), those with no race/ethnicity reported (n=72,712), and those
with no smoking status reported (n=93,450) after which we had 6,276,552 respondents.

We excluded respondents with no recorded weight or height, leaving 6,002,119 respondents. We excluded
respondents with incorrectly recorded heights, leaving 6,002,049 respondents. We excluded respondents
with reported height below 50 cm or above 300 cm, or with reported weight below 20 kg, leaving 6,002,012
respondents.

We obtained data on self-reported BMI (which we adjusted, see below) and smoking status for each BRFSS
respondent.

1.1.3 Adjustment for BMI Self-Report Bias

It is well-documented that self-reported BMI tends to underestimate adult obesity prevalence. Thus, reported
BMI in BRFSS needs to be adjusted for self-report bias. Using the bias-correction approach described in
Ward 2019, 2021, we adjusted the entire distribution of self-reported BMI in BRFSS to be consistent with
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the distribution of measured BMI in NHANES, which is the gold standard of population-representative body
measures in the US.

We pooled data from continuous NHANES 1999-2016, totaling 47,201 adults age 20 and older. We excluded
respondents who reported being pregnant (n=1,420), and those with no BMI reported (n=954), after which
we had 44,827 respondents.

Here we present summaries of key respondent characteristics in each dataset. All summary measures are
weighted using final survey weights.

Variable BRFSS NHANES
Age: Mean (SD) 46.4 (17.6) 47.5 (16.8)
Sex: Male 50.2% 48.7%
White, non-Hispanic 69.8% 68.9%
Black, non-Hispanic 10.4% 11.2%
Hispanic 13.1% 13.4%
Other, non-Hispanic 6.7% 6.5%

Here we compare the distribution of self-reported BMI from BRFSS with NHANES measured BMI by
time period and age group. We see significant under-reporting of BMI for both Males and Females, as
characterized by the two-sample Kolmogorov-Smirnov D-statistic which is a metric for the distance between
two distributions.
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To map the distribution of self-reported BMI onto the measured NHANES distribution we estimated the
(sample-weighted) quantiles (0.01-0.99) of each distribution by sex, time period (1999-2004, 2005-2010,
2011-2016), and age group (20-34, 35-49, 50-64, 65-79, 80+). We then calculated the difference between the
measured and self-reported values of BMI at each quantile and fit cubic splines with knots at each quintile to
these points.

We see that self-report bias tends to increase with BMI quantile for adults.
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We then calculated the (sample-weighted) quantile of self-reported BMI for each respondent in BRFSS and
predicted their BMI difference using the fitted cubic splines. We used this predicted difference to adjust their
self-reported BMI. While this approach adjusts for systematic self-report bias, it does not address rounding
error that comes from reporting height/weight in discrete, rounded units. To smooth this rounding error we
also perturbed BMI by adding normally-distributed noise with mean zero and standard deviation 0.5.

We see that the distributions of adjusted BMI are now statistically similar (p>0.05) to the measured
distributions from NHANES. This also ensures that the prevalence estimates of BMI categories are similar.
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1.1.4 Population Sampling

To create a nationally representative virtual population of US adults, we sampled BRFSS respondents (with
replacement) by specific demographic groups (state, year, sex, age group, race), with probability proportional
to their BRFSS sample weight. The number of adults in each demographic cell was based on population
estimates from CDC Wonder (see above). We set a minimum sample size of 10 BRFSS respondents when
sampling. If the sample size in BRFSS for the specific demographic group was less than 10, we iteratively
loosened the demographic group definition in BRFSS until the threshold was met. Here we report the
proportion of the population that was matched to BRFSS by demographic group definition.

Demographic Group Cumulative % Matched
Exact (state, year, sex, age group, race) 88.2%
Year ±1 96.3%
Year ±2 98.1%
Year ±3 98.8%
Geographic division, exact year 99.4%
Geographic division, year ±1 99.8%
Geographic division, year ±2 99.9%
Geographic division, year ±2, all races 100.0%
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Because age is only reported by five-year age group and top-coded at 80 in BRFSS beginning in 2011, we
imputed a single age year for respondents in 2011-2016 based on the sex-specific distribution of ages within
each group in 2010.

1.1.5 Risk Factor Trends

Based on the (corrected) BMI estimates and smoking status from BRFSS respondents, we plot trends in
BMI and smoking prevalence.
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1.2 All-Cause Mortality
We estimate annual all-cause mortality rates µ for each individual in the model, based on the following
factors:

Factor Groups Symbol
Year Single year (1999-2016) y
Age Single year (18-99) a
Sex Male, Female s
Race/ethnicity White non-Hispanic, Black non-Hispanic, Hispanic, Other non-Hispanic r
State 50 states + DC t
BMI Continuous BMI
Smoking status Never smoker, Current smoker, Former smoker m

The all-cause mortality rate for each individual (µ) is modelled as function of baseline mortality at the
‘optimal’ BMI (µ0), adjusted for each individual’s BMI (RRBMI) and smoking status (RRsmoke):

µs,r,t(y, a,BMI,m) = µ0
s,r,t(y, a) ∗ RRBMI

s,r (BMI∆, a) ∗ RRsmoke
s,r (m, a)

1.2.1 Baseline Mortality

We used a hierarchical model to estimate state-specific mortality rates by sex, race, and age group. States
were assigned to “Regions” and “Divisions” were based on the census bureau definitions (https://www2.cen
sus.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf).

National

Region (R)

Division (D)

State (T)

𝜶𝑠,𝑟,𝑑 ~MVN 𝜶𝑠,𝑟,𝑑 , 𝚺𝑠,𝑟,𝑑

s = Sex
r = Race
d = Age decade
g = Age group
y = Year

𝛾0𝑅
𝑠,𝑟,𝑑 ~ N 𝛾0𝑅

𝑠,𝑟,𝑔
, 0.05 𝛾1𝑅

𝑠,𝑟,𝑑 ~ N 0, 0.005

𝛿0𝐷
𝑠,𝑟,𝑑 ~ N 𝛿0𝐷

𝑠,𝑟,𝑔
, 0.03 𝛿1𝐷

𝑠,𝑟,𝑑 ~ N 0, 0.003

𝜖0𝑇
𝑠,𝑟,𝑑 ~ N 𝜖0𝑇

𝑠,𝑟,𝑔
, 0.01 𝜖1𝑇

𝑠,𝑟,𝑑 ~ N 0, 0.001

𝛽0𝑇
𝑠,𝑟,𝑑 = 𝛼0

𝑠,𝑟,𝑑 + 𝛾0𝑅
𝑠,𝑟,𝑑 + 𝛿0𝐷

𝑠,𝑟,𝑑 + 𝜖0𝑇
𝑠,𝑟,𝑑 𝛽1𝑇

𝑠,𝑟,𝑑 = 𝛼1
𝑠,𝑟,𝑑 + 𝛾1𝑅

𝑠,𝑟,𝑑 + 𝛿1𝐷
𝑠,𝑟,𝑑 + 𝜖1𝑇

𝑠,𝑟,𝑑

Mortality Rate 𝜇𝑇
𝑠,𝑟,𝑑 𝑦 = exp 𝛽0𝑇

𝑠,𝑟,𝑑 + 𝛽1𝑇
𝑠,𝑟,𝑑 ∗ 𝑦 + 𝛽2𝑇

𝑠,𝑟,𝑑∗ 𝑦2

𝛽2𝑇
𝑠,𝑟,𝑑 = 𝛼2

𝑠,𝑟,𝑑 + 𝛾2𝑅
𝑠,𝑟,𝑑 + 𝛿2𝐷

𝑠,𝑟,𝑑 + 𝜖2𝑇
𝑠,𝑟,𝑑

𝛾2𝑅
𝑠,𝑟,𝑑 ~ N 0, 0.0005

𝛿2𝐷
𝑠,𝑟,𝑑 ~ N 0, 0.0003

𝜖2𝑇
𝑠,𝑟,𝑑 ~ N 0, 0.0001

To set priors for national baseline mortality we used age- and sex-specific mortality rates from US life
tables 1999-2016 for non-Hispanic white, non-Hispanic black, and Hispanic. Hispanic-specific lifetables were
only available for 2007-2016. We therefore imputed Hispanic mortality rates for 1999-2006 based on CDC
WONDER mortality rates for each age group, re-scaled by the ratio of the average CDC WONDER mortality
rates in 2007-2016 to the average life table rates over the same period. We set priors for non-Hispanic Other
using the Hispanic lifetables as these were the closest mortality rates observed in CDC WONDER.

We estimated trends in national sex/age/race-specific mortality rates using Poisson regression (i.e. log
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mortality rates). We estimated trends by control points at each decade (20, 30, 40, 50, 60, 70, 80, 90, 100).
The mortality rates for each decade were then adjusted by Region, Division, and State offsets based on sex-
and race-specific data from CDC WONDER (1999-2016) for the closest age group (20-24, 25-34, 35-44, 45-54,
55-64, 65-74, 75-84, 95+). We used the state-specific coefficients to predict sex- and race-specific baseline
mortality rates by year for each decade control point. We then interpolated between these control points
using the average relative change by age within each decade, based on national age-specific mortality rates.
This approach allows us to capture the non-linear trend in mortality rates within each decade.

Because we use data on total mortality rates (which include excess smoking- and BMI-related mortality)
as priors for baseline (i.e. ‘optimal’) mortality rates (an ‘empirical Bayes’ approach), we ensured that the
sampled national intercept coefficients were lower than the original estimated intercepts when calibrating the
model: αs,r,d0 < α̂s,r,d0 .

Below we plot the national mortality rates (based on US life tables), as well as the region, division, and state
offsets (based on CDC WONDER data) by sex, race, and age group.

References: Life Tables. National Center for Health Statistics. Centers for Disease Control and Prevention.
https://www.cdc.gov/nchs/products/life_tables.htm

Centers for Disease Control and Prevention, National Center for Health Statistics. Compressed Mortality File
1999-2016 on CDC WONDER Online Database, released June 2017. Data are from the Compressed Mortality
File 1999-2016 Series 20 No. 2U, 2016, as compiled from data provided by the 57 vital statistics jurisdictions
through the Vital Statistics Cooperative Program. Accessed at http://wonder.cdc.gov/cmf-icd10.html
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1.2.2 Optimal BMI

We assume that the lowest risk of death (i.e. the nadir of all-cause mortality risk) occurs at the ‘optimal’
BMI: BMI∗

Estimates from the Global BMI Mortality Collaboration find that the lowest risks of death occur between
22.5 to <25 units of BMI for both males and females (Global BMI Mortality Collaboration 2016).

There may a small increase in ‘optimal’ BMI by age (eFigure 7 in Global BMI Mortality Collaboration
appendix). However, this may reflect residual reverse causation. For simplicity we therefore assume that the
‘optimal’ BMI for all-cause mortality remains constant by age for our primary analysis, and allow it to vary
by age as a sensitivity analysis.

In prior work, we found that the ‘optimal’ BMI for lowest medical expenditures (controlling for age) occurred
around 20.5 for adult females and 23.5 for males (Ward 2021). We therefore used these sex-specific priors
(s), and allowed the sampled values to also vary by race/ethnicity (r) to account for potential differences:
BMI∗s,r ∼ Norm(B̂MI∗s, 0.2)

Given the ‘optimal’ BMI for each sex+race group, we calculate the (signed) distance of each individual’s
BMI from the nadir: BMI∆ = BMI− BMI∗s,r. This BMI difference is then used to modify each individual’s
risk of death.

References:

Global BMI Mortality Collaboration, Di Angelantonio E, Bhupathiraju ShN, et al. Body-mass index and
all-cause mortality: individual-participant-data meta-analysis of 239 prospective studies in four continents.
Lancet 2016; 388(10046): 776-86.

Ward ZJ, Bleich SN, Long MW, Gortmaker SL. Association of body mass index with health care expenditures
in the United States by age and sex PLoS One. 2021;16(3):e0247307.

1.2.3 BMI and Age Hazard Ratios

We set priors for hazard ratios of all-cause mortality based on estimates from the Global BMI Mortality
Collaboration. Estimates were available by BMI category (15-<18.5, 18.5-<20, 20-<22.5, 22.5-<25, 25-<27.5,
27.5<-30, 30-<35, 35-<40, 40-<60) and age group (35-49, 50-69, 70-89).

Here we plot the priors.
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With the sampled HRs at each point, we used cubic spline interpolation to estimate values by BMI within
each age group. We aligned the nadirs of each BMI curve, renormalizing the values so that the nadir for
each curve was HR = 1.0. We then used cubic spline interpolation to estimate age-specific values by BMI∆.
When interpolating, we ensured that HRs were (weakly) monotonically increasing as |BMI∆| increased (both
below and above BMI∆ = 0).

This allows us to estimate a surface of HRs given continuous age and BMI: RRBMI
s,r (BMI∆, a)

Here we plot an example HR surface, based on the mean priors.
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Here we plot the estimated mortality rates based on the above hazard ratios applied to overall age-specific
mortality rates from the US 2016 lifetable.
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References:

Global BMI Mortality Collaboration, Di Angelantonio E, Bhupathiraju ShN, et al. Body-mass index and
all-cause mortality: individual-participant-data meta-analysis of 239 prospective studies in four continents.
Lancet 2016; 388(10046): 776-86.
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1.2.4 Smoking Hazard Ratios

We obtained estimates of annual mortality rates by smoking status (never, current, former) for ages 40-99
and 5-year intervals (1970-2010) by males and females from Holford et al. 2014. Rates are available here:
https://resources.cisnet.cancer.gov/projects/#shg/tcpd/efig_4/opts/sex=3;render_method=table;interval
=5;show_all_series=true;current_series=1970;show_reference=false

Based on these estimates we calculated the mean and SE for the age-specific relative rates by sex, plotted
below.
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We used these estimates to set priors for knots at 10-year intervals. We sampled from these sex-specific priors
and used cubic splines to interpolate by age, enforcing a floor of 1.0. We assumed that HRs were constant by
year, but allowed them to vary by sex and race/ethnicity.
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We estimated age-specific HRs given smoking status (current or former): RRsmoke
s,r (m, a)
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We assumed that Smoking HRs were independent of BMI HRs, but we do account for the joint distribution
of these risk factors at the individual-level.

Reference:

Holford TR, Meza R, Warner KE, et al. Tobacco Control and the Reduction in Smoking-Related Premature
Deaths in the United States, 1964-2012. JAMA 2014; 311(2): 164-171.
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2 Model Calibration
We obtained reported all-cause (crude) mortality rates from CDC Wonder by subgroup and year (1999-2016),
from the Compressed Mortality File. After excluding suppressed estimates (e.g. rates based on less than 10
deaths) we had 66,249 estimates. We randomly selected 10% of the estimates to reserve as a test set (i.e. not
used to fit the model) to assess the predictive accuracy of our model. We fitted the model to our training set
of estimates using a stochastic optimization algorithm (simulated annealing) to minimize the goodness-of-fit
score, calculated for each proposed parameter set as the sum of the distance-squared between the model
predictions and reported mortality rates, with targets weighted inversely proportional to the width of their
95% CIs.

Reference: Centers for Disease Control and Prevention, National Center for Health Statistics. Compressed
Mortality File 1999-2016 on CDC WONDER Online Database, released June 2017. Data are from the
Compressed Mortality File 1999-2016 Series 20 No. 2U, 2016, as compiled from data provided by the 57 vital
statistics jurisdictions through the Vital Statistics Cooperative Program. Accessed at http://wonder.cdc.gov
/cmf-icd10.html.

2.1 Calibration Scores
We ran 1,000 independent search chains to fit the model and selected the best-fitting 50 parameter sets,
shown below in red.
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2.2 Summary Indicators
We calculated a number of summary indicators to help evaluate how close our model predictions µ∗ are to
the reported mortality rate data µ̂. We calculated the coverage probabilities (how often our 95% uncertainty
intervals contained the reported point estimate), the mean error µ∗ − µ̂, and the mean relative error µ∗−µ̂

µ̂ .

Here we report these indicators for our training dataset (used to calibrate the model) and our testing dataset
(not used to fit the model).

Training Set

Group Coverage % Mean Error (SD) Mean Relative Error % (SD)
All Targets 97.9 2.4 (612.8) 2.2 (17.3)
Males 98.5 -15.7 (760.9) 1.5 (18.3)
Females 98.4 10.1 (564.9) 3 (18.9)
White (non-Hispanic) 97.1 39.5 (271.9) 2.3 (10.4)
Black (non-Hispanic) 98.3 -1.5 (668.9) 1.4 (16.8)
Hispanic 99.0 -31.4 (813.8) 3.3 (24.4)
Other (non-Hispanic) 99.7 -34.1 (841.1) 2.5 (22.4)
Males - White (non-Hispanic) 98.2 36.9 (319.3) 1.1 (8.4)
Males - Black (non-Hispanic) 97.9 -17.8 (826.2) 0.9 (16.9)
Males - Hispanic 99.1 -49 (899.7) 2.2 (24.1)
Males - Other (non-Hispanic) 99.7 -54.1 (979.3) 1.8 (23.3)
Females - White (non-Hispanic) 97.3 44.6 (231.9) 3.5 (12.4)
Females - Black (non-Hispanic) 99.0 14.3 (513.8) 1.7 (17)
Females - Hispanic 99.4 -17.4 (774.5) 4.2 (25.6)
Females - Other (non-Hispanic) 99.8 -20.1 (742) 3 (22.4)
20-24 99.7 0.1 (27.6) 4.6 (23.5)
25-34 99.2 0 (29.3) 2.8 (22)
35-44 99.3 0 (46.8) 2.9 (20.5)
45-54 99.0 0 (78.5) 1.3 (18.8)
55-64 98.9 -0.1 (150.5) 1.4 (17)
65-74 98.8 0.1 (276.6) 1.4 (15.1)
75-84 97.5 0.4 (681.8) 1.4 (14.8)
85+ 96.6 -1.3 (1722.2) 1.5 (14.6)
Alabama 98.0 1.1 (411) 1.9 (16.2)
Alaska 100.0 13 (643.9) 2.6 (16.2)
Arizona 96.1 15.7 (492.1) 1.1 (16.4)
Arkansas 99.6 -14.6 (538.8) 1.7 (19.7)
California 89.0 36.1 (280.4) 3.4 (10.8)
Colorado 99.4 20.7 (492) 1.3 (14.2)
Connecticut 99.5 31.3 (384.2) 1.8 (15.8)
Delaware 100.0 -55.6 (870.5) 0.6 (16)
District of Columbia 99.8 -46.7 (650.5) 0.6 (25.7)
Florida 92.8 35.8 (306.3) 3.3 (14.6)
Georgia 97.4 28.6 (440.9) 1.9 (19)
Hawaii 100.0 -1.6 (658.8) 2.1 (15.5)
Idaho 100.0 -11 (721.1) 1.2 (19.3)
Illinois 97.2 35 (290.8) 2.6 (14.5)
Indiana 98.4 -0.9 (734.4) 3.2 (18)
Iowa 99.8 -35.7 (889.5) 1.3 (18.7)
Kansas 99.4 39 (712.5) 2.5 (18.4)
Kentucky 98.5 -127.5 (1356.1) 0.6 (18.7)
Louisiana 98.3 3.3 (594.6) 1.6 (18.1)
Maine 99.1 -51 (647.3) 1.3 (16.9)
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Group Coverage % Mean Error (SD) Mean Relative Error % (SD)
Maryland 97.9 42.6 (396) 3.7 (20.9)
Massachusetts 98.1 37 (338.2) 2.8 (15.7)
Michigan 98.0 28 (424.6) 2.5 (17.2)
Minnesota 98.6 -11.3 (581.1) 1.4 (19.2)
Mississippi 99.7 -3.9 (552.9) 1.8 (14)
Missouri 97.7 -5.7 (661.8) 2.3 (19)
Montana 100.0 -56.1 (857.5) 1.4 (17.6)
Nebraska 100.0 -98.4 (1011.7) 0.3 (18.6)
Nevada 99.6 -2 (541.6) 2.2 (18.2)
New Hampshire 99.2 14.8 (262.1) 3 (16.7)
New Jersey 98.1 29.9 (299) 3 (14.1)
New Mexico 99.5 6.8 (697) 2.3 (14.2)
New York 94.2 33.3 (246.9) 3.4 (13)
North Carolina 98.3 40.3 (402.6) 3.4 (17.1)
North Dakota 100.0 -35.3 (877) 3.6 (20)
Ohio 95.6 7.6 (495.8) 3.3 (18.6)
Oklahoma 98.6 10.3 (608.2) 2.7 (16.5)
Oregon 99.4 -7.7 (648.8) 1.8 (20)
Pennsylvania 95.3 26.6 (426) 2.6 (17.1)
Rhode Island 100.0 -101.1 (1193.8) 1.8 (19.2)
South Carolina 98.6 -18 (707.1) 2.2 (17.9)
South Dakota 99.9 6.9 (828.4) 1.3 (19)
Tennessee 97.9 31.4 (391.2) 2.6 (17.5)
Texas 93.2 30.3 (322.7) 3.2 (13.9)
Utah 99.5 -29.9 (846.3) 1.9 (19.6)
Vermont 100.0 38.4 (276.1) 4.6 (17.8)
Virginia 97.9 16.2 (407.6) 2 (17.1)
Washington 99.4 28.7 (375.2) 2.7 (15.1)
West Virginia 98.8 24.5 (635.8) 3.9 (19.2)
Wisconsin 98.1 18.9 (650.5) 2.6 (20.3)
Wyoming 100.0 -82.2 (743.9) -0.1 (17.5)

Testing Set

Group Coverage % Mean Error (SD) Mean Relative Error % (SD)
All Targets 97.2 18.5 (633.8) 2.7 (19.8)
Males 98.1 -11.5 (792.9) 2 (21.3)
Females 97.7 44.7 (573.6) 3.5 (20.8)
White (non-Hispanic) 96.2 50.6 (306.8) 2 (11.2)
Black (non-Hispanic) 98.1 22.8 (755.6) 2 (19.5)
Hispanic 98.1 -7.9 (728) 4.6 (28.5)
Other (non-Hispanic) 99.1 -17.6 (903.9) 3.6 (25)
Males - White (non-Hispanic) 98.0 42.1 (347.9) 0.8 (8.7)
Males - Black (non-Hispanic) 97.1 -5.2 (879.4) 1.4 (20.7)
Males - Hispanic 98.2 -52.9 (818.2) 3 (28.7)
Males - Other (non-Hispanic) 99.2 -52.8 (1104) 3.5 (26.1)
Females - White (non-Hispanic) 95.8 62.6 (278.5) 3.2 (13.7)
Females - Black (non-Hispanic) 99.3 58.3 (643.7) 2.6 (18.9)
Females - Hispanic 98.9 41.3 (677.5) 5.7 (28.2)
Females - Other (non-Hispanic) 99.3 13.7 (728.7) 3.1 (24.1)
20-24 100.0 -0.4 (38.3) 4.8 (26.4)
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Group Coverage % Mean Error (SD) Mean Relative Error % (SD)
25-34 99.0 -0.5 (30.6) 3 (25.6)
35-44 98.5 -2.1 (53.4) 1.5 (24.5)
45-54 98.5 10.2 (94.9) 2.7 (21.2)
55-64 97.9 6.4 (173) 2.2 (19.2)
65-74 97.9 -1.4 (323.6) 1.6 (16.1)
75-84 96.5 54.3 (663) 3.1 (17.1)
85+ 95.8 88.9 (1833.4) 2.6 (17.1)
Alabama 97.6 -43.2 (544.8) -0.4 (21)
Alaska 100.0 -111.9 (623.4) 4.1 (20.8)
Arizona 94.0 103.7 (755) 3.9 (20.3)
Arkansas 100.0 51.9 (365.1) 6.8 (23.7)
California 84.0 83 (297.4) 3.2 (10.1)
Colorado 98.7 64.1 (665.7) 0.8 (18.6)
Connecticut 97.9 39.2 (344.7) 1.1 (22.4)
Delaware 100.0 234.7 (908.7) 4.8 (19.9)
District of Columbia 99.0 3.7 (495) 4.3 (37.7)
Florida 91.8 80.5 (334.7) 5.5 (14.8)
Georgia 97.6 12.8 (611.6) 2.3 (19.7)
Hawaii 100.0 -67 (939.1) 4.7 (19.9)
Idaho 100.0 173.1 (863.7) 4.7 (24)
Illinois 95.4 36 (262.7) 1.7 (15.7)
Indiana 96.9 -18.3 (364.6) 2.5 (20.8)
Iowa 100.0 -84.6 (1278.2) -0.1 (18.6)
Kansas 99.3 -35.9 (731.5) 1.6 (22.7)
Kentucky 98.4 -113 (927.8) -0.7 (20.5)
Louisiana 98.5 105 (586.4) 3.5 (19.4)
Maine 98.6 26.2 (320.6) 0.2 (18.2)
Maryland 100.0 89.6 (359.4) 3 (19.6)
Massachusetts 97.9 75.3 (421.7) 1.5 (14.4)
Michigan 96.8 4 (337.2) 3.1 (19.4)
Minnesota 98.6 -23.2 (894.8) 1.6 (21.7)
Mississippi 99.2 -36.1 (730.8) 0.1 (15.6)
Missouri 96.6 -27 (519.7) 0.7 (16.7)
Montana 100.0 45.1 (513.3) 0.5 (13.3)
Nebraska 100.0 29.3 (735.5) 1.5 (19.7)
Nevada 99.3 49.6 (549.8) 1.1 (19.7)
New Hampshire 97.1 2.6 (167.8) 5.8 (23.1)
New Jersey 99.3 3.2 (297) 0.5 (12.6)
New Mexico 100.0 32.5 (585.7) 3.6 (17.9)
New York 91.5 9.5 (254.3) 2.9 (14.7)
North Carolina 96.6 53.7 (339.5) 2.9 (18.2)
North Dakota 100.0 -302.2 (2059.1) 6.9 (23.7)
Ohio 92.5 33.7 (403) 5.7 (28.3)
Oklahoma 98.6 69.6 (825.5) 4.2 (23.2)
Oregon 97.3 -16.6 (570) 4 (21.2)
Pennsylvania 95.0 19.6 (317.1) 6.1 (20.1)
Rhode Island 100.0 106.1 (755) 2.2 (21.6)
South Carolina 100.0 98.1 (536.9) 4.7 (18.5)
South Dakota 100.0 19.9 (318.1) 3.5 (17.8)
Tennessee 97.2 44 (409.6) 2.6 (17)
Texas 89.6 29.6 (279.8) 2.6 (11.4)
Utah 99.3 -58.3 (419.1) -1.5 (16.3)
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Group Coverage % Mean Error (SD) Mean Relative Error % (SD)
Vermont 100.0 80.6 (231.1) 4.7 (17.6)
Virginia 98.6 87.6 (484.3) 5.9 (19.3)
Washington 98.8 -59.8 (619.1) 0.6 (14.9)
West Virginia 99.0 -83.4 (905.2) 5.1 (28.9)
Wisconsin 97.6 68.9 (601.5) 4.3 (22)
Wyoming 100.0 -311.6 (970) -5.7 (17.9)
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2.3 Posterior Predictive Checks
Below we plot the means and 95% uncertainty intervals of our model predictions together with the reported
(empirical) data for (crude) mortality rates and deaths. These plots allow for the model fit by state and
subgroup to be assessed visually. Filled circles indicate data included in the training set (i.e. used to fit the
model). Unfilled circles indicate data included in the testing set (i.e. not used to fit the model).

Note that we fitted the model to crude mortality rates (e.g., not age-adjusted). These rates therefore reflect
different age distributions by state and subgroup - for example, Hispanic crude mortality rates are generally
lower than crude mortality rates for older populations, such as non-Hispanic White.

2.3.1 National
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2.3.2 Alabama
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2.3.3 Alaska
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2.3.4 Arizona
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2.3.5 Arkansas
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2.3.6 California
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2.3.7 Colorado
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2.3.8 Connecticut
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2.3.9 Delaware
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2.3.10 District of Columbia
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2.3.11 Florida
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2.3.12 Georgia
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2.3.13 Hawaii
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2.3.14 Idaho
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2.3.15 Illinois
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2.3.16 Indiana
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2.3.17 Iowa
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2.3.18 Kansas

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
12

00

Mortality Rate, Overall (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

2000 2005 2010 2015

0
50

00
15

00
0

25
00

0

Deaths, Overall (20+)

Year

D
ea

th
s

2000 2005 2010 2015

0
20

0
60

0
10

00
14

00

Mortality Rate, Sex (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

Males Females

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0

Deaths, Sex (20+)

Year

D
ea

th
s

Males Females

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Race/Ethnicity (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

00
15

00
0

25
00

0

Deaths, Race/Ethnicity (20+)

Year

D
ea

th
s

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

121



2000 2005 2010 2015

0
50

00
10

00
0

15
00

0
Mortality Rate, Age Group

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

20−2425−3435−4445−54
55−64

65−74

75−84

85+

2000 2005 2010 2015

0
20

00
40

00
60

00
80

00
10

00
0

Deaths, Age Group

Year

D
ea

th
s

20−24
25−3435−44

45−54

55−64

65−74

75−84

85+

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00

Mortality Rate, Race/Ethnicity (20+): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Race/Ethnicity (20+): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
10

00

Mortality Rate, Race/Ethnicity (20−24): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
10

00

Mortality Rate, Race/Ethnicity (20−24): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

122



2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
Mortality Rate, Race/Ethnicity (25−34): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

0
20

0
30

0
40

0
50

0
60

0
70

0

Mortality Rate, Race/Ethnicity (25−34): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
10

00

Mortality Rate, Race/Ethnicity (35−44): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0

Mortality Rate, Race/Ethnicity (35−44): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00

Mortality Rate, Race/Ethnicity (45−54): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Race/Ethnicity (45−54): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

123



2000 2005 2010 2015

0
10

00
30

00
50

00
Mortality Rate, Race/Ethnicity (55−64): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
15

00
25

00

Mortality Rate, Race/Ethnicity (55−64): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

00
40

00
60

00

Mortality Rate, Race/Ethnicity (65−74): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

00
30

00
50

00

Mortality Rate, Race/Ethnicity (65−74): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0
20

00
0

Mortality Rate, Race/Ethnicity (75−84): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0

Mortality Rate, Race/Ethnicity (75−84): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

124



2000 2005 2010 2015

0
10

00
0

30
00

0
50

00
0

Mortality Rate, Race/Ethnicity (85+): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

00
0

20
00

0
30

00
0

40
00

0

Mortality Rate, Race/Ethnicity (85+): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

125



2.3.19 Kentucky
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2.3.20 Louisiana
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2.3.21 Maine
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2.3.22 Maryland
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2.3.23 Massachusetts
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2.3.24 Michigan
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2.3.25 Minnesota
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2.3.26 Mississippi
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2.3.27 Missouri

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Overall (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

2000 2005 2010 2015

0
10

00
0

30
00

0
50

00
0

Deaths, Overall (20+)

Year

D
ea

th
s

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Sex (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

Males Females

2000 2005 2010 2015

0
50

00
15

00
0

25
00

0

Deaths, Sex (20+)

Year

D
ea

th
s

Males Females

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Race/Ethnicity (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

00
0

30
00

0
50

00
0

Deaths, Race/Ethnicity (20+)

Year

D
ea

th
s

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

166



2000 2005 2010 2015

0
50

00
10

00
0

15
00

0
Mortality Rate, Age Group

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

20−2425−3435−4445−54
55−64

65−74

75−84

85+

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0

Deaths, Age Group

Year

D
ea

th
s

20−24
25−34
35−44

45−54

55−64

65−74

75−84

85+

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00

Mortality Rate, Race/Ethnicity (20+): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Race/Ethnicity (20+): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0

Mortality Rate, Race/Ethnicity (20−24): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

0
20

0
30

0

Mortality Rate, Race/Ethnicity (20−24): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

167



2000 2005 2010 2015

0
10

0
30

0
50

0
70

0
Mortality Rate, Race/Ethnicity (25−34): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

0
20

0
30

0
40

0

Mortality Rate, Race/Ethnicity (25−34): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
10

00

Mortality Rate, Race/Ethnicity (35−44): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

0
20

0
30

0
40

0
50

0
60

0

Mortality Rate, Race/Ethnicity (35−44): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Race/Ethnicity (45−54): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
10

00

Mortality Rate, Race/Ethnicity (45−54): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

168



2000 2005 2010 2015

0
10

00
20

00
30

00
Mortality Rate, Race/Ethnicity (55−64): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00
25

00

Mortality Rate, Race/Ethnicity (55−64): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

00
40

00
60

00

Mortality Rate, Race/Ethnicity (65−74): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

00
20

00
30

00
40

00
50

00

Mortality Rate, Race/Ethnicity (65−74): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0

Mortality Rate, Race/Ethnicity (75−84): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

00
60

00
10

00
0

Mortality Rate, Race/Ethnicity (75−84): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

169



2000 2005 2010 2015

0
10

00
0

20
00

0
30

00
0

40
00

0
Mortality Rate, Race/Ethnicity (85+): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

00
15

00
0

25
00

0

Mortality Rate, Race/Ethnicity (85+): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

170



2.3.28 Montana
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2.3.29 Nebraska
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2.3.30 Nevada
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2.3.31 New Hampshire
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2.3.32 New Jersey
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2.3.33 New Mexico
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2.3.34 New York
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2.3.35 North Carolina
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2.3.36 North Dakota
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2.3.37 Ohio
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2.3.38 Oklahoma
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2.3.39 Oregon
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2.3.40 Pennsylvania
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2.3.41 Rhode Island
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2.3.42 South Carolina
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2.3.43 South Dakota
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2.3.44 Tennessee
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2.3.45 Texas
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2.3.46 Utah
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2.3.47 Vermont
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2.3.48 Virginia
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2.3.49 Washington
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2.3.50 West Virginia

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Overall (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0
20

00
0

Deaths, Overall (20+)

Year

D
ea

th
s

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Sex (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

Males Females

2000 2005 2010 2015

0
20

00
60

00
10

00
0

Deaths, Sex (20+)

Year

D
ea

th
s

Males Females

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00
25

00

Mortality Rate, Race/Ethnicity (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

00
15

00
0

25
00

0

Deaths, Race/Ethnicity (20+)

Year

D
ea

th
s

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

281



2000 2005 2010 2015

0
50

00
10

00
0

15
00

0
20

00
0

Mortality Rate, Age Group

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

20−2425−3435−4445−54
55−64
65−74

75−84

85+

2000 2005 2010 2015

0
10

00
30

00
50

00
70

00

Deaths, Age Group

Year

D
ea

th
s

20−24
25−34
35−44

45−54

55−64

65−74

75−84

85+

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00
25

00

Mortality Rate, Race/Ethnicity (20+): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
20

00
30

00

Mortality Rate, Race/Ethnicity (20+): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00

Mortality Rate, Race/Ethnicity (20−24): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00

Mortality Rate, Race/Ethnicity (20−24): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

282



2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
12

00
Mortality Rate, Race/Ethnicity (25−34): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
12

00

Mortality Rate, Race/Ethnicity (25−34): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Race/Ethnicity (35−44): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00

Mortality Rate, Race/Ethnicity (35−44): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

00
20

00
30

00

Mortality Rate, Race/Ethnicity (45−54): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00

Mortality Rate, Race/Ethnicity (45−54): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

283



2000 2005 2010 2015

0
10

00
20

00
30

00
40

00
50

00
Mortality Rate, Race/Ethnicity (55−64): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

00
20

00
30

00

Mortality Rate, Race/Ethnicity (55−64): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

00
40

00
60

00
80

00

Mortality Rate, Race/Ethnicity (65−74): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

00
40

00
60

00
80

00

Mortality Rate, Race/Ethnicity (65−74): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)
White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

00
0

20
00

0
30

00
0

40
00

0

Mortality Rate, Race/Ethnicity (75−84): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0
20

00
0

Mortality Rate, Race/Ethnicity (75−84): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

284



2000 2005 2010 2015

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

Mortality Rate, Race/Ethnicity (85+): Males

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

00
0

60
00

0
10

00
00

Mortality Rate, Race/Ethnicity (85+): Females

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

285



2.3.51 Wisconsin
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2.3.52 Wyoming
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3 Calibrated Parameters
3.1 Optimal BMI
Our calibrated parameters for ‘optimal’ BMI (i.e. nadir for risk of all-cause mortality) are similar by
race/ethnicity, with somewhat lower estimates for females, consistent with previous estimates of the ‘optimal’
BMI for annual medical expenditures (Ward 2021). However, while the ‘optimal’ BMI for all-cause mortality
may vary by sex to some degree, because the hazard ratios are very close to 1.0 for BMI values near the
nadir, the BMI-specific hazard ratios for males and females are similar (see Appendix 3.2, below).

20
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28
30

'Optimal' BMI

B
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I

White (non−Hispanic) Black (non−Hispanic) Hispanic Other (non−Hispanic)

Males
Females

References: Ward ZJ, Bleich SN, Long MW, Gortmaker SL. Association of body mass index with health care
expenditures in the United States by age and sex PLoS One. 2021;16(3):e0247307.
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3.2 BMI Hazard Ratios
3.2.1 Knot Values
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3.2.2 Interpolated Surfaces
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3.2.3 Age-Standardized Hazard Ratios
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3.3 Smoking Hazard Ratios
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3.4 Baseline Mortality
3.4.1 National
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3.4.2 Regional Offsets
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3.4.3 Division Offsets
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East South Central

West South Central

Mountain

Pacific

−
0.

6
−

0.
4

−
0.

2
0.

0
0.

2

beta0 − Males, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central
South Atlantic

East South Central

West South CentralMountain

Pacific

−
0.

04
−

0.
02

0.
00

0.
02

0.
04

beta1 − Males, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

00
8

−
0.

00
6

−
0.

00
4

−
0.

00
2

0.
00

0
0.

00
2

0.
00

4

beta2 − Males, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
1.

0
−

0.
5

0.
0

beta0 − Males, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New EnglandMiddle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

06
−

0.
04

−
0.

02
0.

00
0.

02
0.

04
0.

06

beta1 − Males, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

00
6

−
0.

00
4

−
0.

00
2

0.
00

0
0.

00
2

0.
00

4

beta2 − Males, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

308



−
1.

0
−

0.
5

0.
0

0.
5

beta0 − Males, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New EnglandMiddle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

04
−

0.
02

0.
00

0.
02

0.
04

beta1 − Males, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

00
6

−
0.

00
4

−
0.

00
2

0.
00

0
0.

00
2

0.
00

4

beta2 − Males, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central
South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

6
−

0.
4

−
0.

2
0.

0
0.

2

beta0 − Females, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

04
−

0.
02

0.
00

0.
02

beta1 − Females, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic
East South Central
West South CentralMountain

Pacific

−
0.

00
6

−
0.

00
4

−
0.

00
2

0.
00

0
0.

00
2

beta2 − Females, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain
Pacific

−
0.

6
−

0.
4

−
0.

2
0.

0
0.

2
0.

4

beta0 − Females, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic
East North Central

West North Central

South Atlantic

East South Central

West South Central
Mountain

Pacific

−
0.

04
−

0.
02

0.
00

0.
02

0.
04

beta1 − Females, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central
West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

01
0

−
0.

00
8

−
0.

00
6

−
0.

00
4

−
0.

00
2

0.
00

0
0.

00
2

beta2 − Females, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central
West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

309



−
0.

8
−

0.
6

−
0.

4
−

0.
2

0.
0

0.
2

beta0 − Females, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic
East North Central

West North Central

South Atlantic

East South Central
West South Central

Mountain

Pacific

−
0.

04
−

0.
02

0.
00

0.
02

0.
04

beta1 − Females, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

00
8

−
0.

00
6

−
0.

00
4

−
0.

00
2

0.
00

0
0.

00
2

0.
00

4

beta2 − Females, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic
East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
1.

0
−

0.
5

0.
0

0.
5

beta0 − Females, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

−
0.

04
−

0.
02

0.
00

0.
02

0.
04

beta1 − Females, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New EnglandMiddle Atlantic

East North Central

West North Central

South Atlantic

East South Central
West South Central

Mountain

Pacific

−
0.

01
0

−
0.

00
5

0.
00

0
0.

00
5

beta2 − Females, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

New England

Middle Atlantic
East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

Pacific

310



3.4.4 State Offsets
−

1.
5

−
1.

0
−

0.
5

0.
0

beta0 − Males, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona
Arkansas

California

Colorado

Connecticut

Delaware

District of Columbia

Florida
Georgia

Hawaii

IdahoIllinois

Indiana

Iowa

Kansas

Kentucky

LouisianaMaine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada
New Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio
Oklahoma

Oregon
Pennsylvania

Rhode Island

South Carolina
South Dakota

Tennessee
Texas
Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

−
0.

02
0.

00
0.

01
0.

02

beta1 − Males, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

ArizonaArkansasCalifornia

Colorado

Connecticut

Delaware

District of Columbia

Florida

GeorgiaHawaii
Idaho

Illinois

IndianaIowa
KansasKentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

NevadaNew Hampshire

New Jersey

New Mexico
New York

North Carolina

North Dakota

Ohio
Oklahoma

Oregon

Pennsylvania
Rhode Island

South Carolina
South Dakota

Tennessee

Texas

Utah

VermontVirginiaWashington

West Virginia

WisconsinWyoming

−
0.

00
8

−
0.

00
4

0.
00

0
0.

00
4

beta2 − Males, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona

Arkansas
California

Colorado

Connecticut

Delaware
District of ColumbiaFlorida

Georgia

Hawaii

Idaho

Illinois
Indiana

Iowa

Kansas
Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota
Mississippi

Missouri

Montana

Nebraska

NevadaNew Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma
OregonPennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

UtahVermont

Virginia

Washington
West Virginia

Wisconsin

Wyoming

311



−
1.

5
−

1.
0

−
0.

5
0.

0
0.

5
beta0 − Males, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona

Arkansas

California
ColoradoConnecticut
Delaware

District of Columbia

Florida
Georgia

Hawaii

Idaho

Illinois
Indiana

Iowa

Kansas

Kentucky

Louisiana

Maine

Maryland

MassachusettsMichigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire

New Jersey

New Mexico
New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

Virginia

Washington

West VirginiaWisconsin

Wyoming

−
0.

02
0.

00
0.

01
0.

02
0.

03

beta1 − Males, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska
ArizonaArkansas

California

Colorado

Connecticut

DelawareDistrict of ColumbiaFlorida

Georgia

Hawaii

Idaho

Illinois

IndianaIowa

Kansas

Kentucky
Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri
Montana

Nebraska

Nevada

New Hampshire

New Jersey
New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma
Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota
Tennessee

Texas
Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

−
0.

01
0

−
0.

00
5

0.
00

0
0.

00
5

beta2 − Males, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

AlabamaAlaska

Arizona

Arkansas

California

Colorado

Connecticut

Delaware
District of Columbia

Florida

Georgia

Hawaii

Idaho

Illinois

Indiana

IowaKansas

Kentucky

Louisiana

Maine
MarylandMassachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio
Oklahoma

Oregon
PennsylvaniaRhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

312



−
1.

5
−

1.
0

−
0.

5
0.

0
0.

5
beta0 − Males, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona

Arkansas
California
Colorado

Connecticut

Delaware

District of Columbia

Florida
Georgia

Hawaii
Idaho

IllinoisIndiana
Iowa

Kansas

Kentucky
Louisiana

Maine

Maryland

Massachusetts
Michigan

Minnesota

MississippiMissouri

Montana

Nebraska

Nevada

New Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio
Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

TennesseeTexas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

−
0.

02
0.

00
0.

01
0.

02

beta1 − Males, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona
Arkansas

California

Colorado

Connecticut

Delaware

District of Columbia

Florida

Georgia

Hawaii

Idaho

Illinois

Indiana
Iowa

Kansas

Kentucky

Louisiana

Maine
MarylandMassachusettsMichigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

NevadaNew Hampshire

New Jersey

New Mexico
New York

North Carolina

North Dakota

OhioOklahoma

Oregon

Pennsylvania

Rhode Island

South CarolinaSouth Dakota
Tennessee

Texas

Utah

Vermont

Virginia

Washington
West Virginia

Wisconsin
Wyoming

−
0.

01
0

0.
00

0
0.

00
5

0.
01

0

beta2 − Males, Hispanic

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska
Arizona

Arkansas

CaliforniaColoradoConnecticut

Delaware

District of Columbia

FloridaGeorgia

Hawaii

Idaho

Illinois

Indiana

Iowa

Kansas
Kentucky
Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire

New Jersey

New MexicoNew York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon
Pennsylvania

Rhode Island

South Carolina

South Dakota

TennesseeTexas

Utah
Vermont

Virginia

Washington

West Virginia
Wisconsin
Wyoming

313



−
1.

0
−

0.
5

0.
0

0.
5

1.
0

1.
5

beta0 − Males, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona

ArkansasCalifornia

Colorado

ConnecticutDelawareDistrict of ColumbiaFlorida

Georgia

Hawaii

Idaho
Illinois

Indiana

Iowa

Kansas

Kentucky

Louisiana

Maine

MarylandMassachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire
New Jersey

New Mexico

New York

North Carolina
North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

−
0.

02
−

0.
01

0.
00

0.
01

0.
02

beta1 − Males, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona

Arkansas

CaliforniaColorado

Connecticut

Delaware

District of Columbia
Florida

Georgia
Hawaii
Idaho

Illinois

Indiana
Iowa

Kansas

Kentucky
LouisianaMaine

Maryland
Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire
New Jersey

New Mexico

New York

North Carolina
North Dakota

OhioOklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina
South Dakota

Tennessee
Texas

Utah

Vermont

Virginia

WashingtonWest VirginiaWisconsin

Wyoming

−
0.

01
0

−
0.

00
5

0.
00

0
0.

00
5

beta2 − Males, Other (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

AlabamaAlaska

Arizona

Arkansas

California

Colorado

Connecticut
Delaware

District of Columbia

Florida

Georgia

Hawaii

Idaho

Illinois
Indiana

Iowa

Kansas

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri
Montana

NebraskaNevada
New HampshireNew Jersey

New Mexico

New York

North Carolina
North Dakota

OhioOklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont

Virginia

Washington
West Virginia

WisconsinWyoming

314



−
2.

0
−

1.
5

−
1.

0
−

0.
5

0.
0

0.
5

beta0 − Females, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona

Arkansas
California
ColoradoConnecticut
Delaware

District of Columbia

Florida

Georgia

Hawaii

IdahoIllinois

Indiana

Iowa
Kansas

Kentucky

Louisiana
Maine

MarylandMassachusetts
Michigan

Minnesota

Mississippi

Missouri
Montana

Nebraska

Nevada

New HampshireNew Jersey

New Mexico

New YorkNorth Carolina
North Dakota

OhioOklahomaOregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

TennesseeTexas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

−
0.

02
−

0.
01

0.
00

0.
01

0.
02

beta1 − Females, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska

Arizona

Arkansas

California

Colorado

Connecticut

Delaware

District of Columbia

FloridaGeorgia

Hawaii
Idaho
Illinois

Indiana
Iowa

Kansas

Kentucky
Louisiana

Maine

MarylandMassachusetts

MichiganMinnesota
Mississippi

Missouri

Montana

Nebraska

Nevada
New HampshireNew Jersey

New Mexico

New York
North Carolina

North Dakota

Ohio

Oklahoma
Oregon

Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Texas

UtahVermont
Virginia

Washington
West Virginia

Wisconsin

Wyoming

−
0.

01
0

−
0.

00
5

0.
00

0
0.

00
5

beta2 − Females, White (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama
Alaska

Arizona

Arkansas

California

Colorado

ConnecticutDelaware

District of Columbia

FloridaGeorgia

Hawaii

Idaho

Illinois

Indiana
Iowa

Kansas
Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

NebraskaNevada

New Hampshire

New JerseyNew Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina
South Dakota

Tennessee

Texas

Utah

VermontVirginia

Washington

West Virginia
Wisconsin

Wyoming

315



−
1.

5
−

1.
0

−
0.

5
0.

0
0.

5
beta0 − Females, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama
Alaska

ArizonaArkansas
California
Colorado

Connecticut

Delaware

District of Columbia

Florida
Georgia

Hawaii
IdahoIllinois

Indiana

Iowa

Kansas

Kentucky

Louisiana
Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi
Missouri

Montana
Nebraska

Nevada
New Hampshire

New Jersey
New Mexico

New York

North CarolinaNorth Dakota
OhioOklahoma

Oregon

Pennsylvania

Rhode Island

South CarolinaSouth Dakota
TennesseeTexas

UtahVermont

VirginiaWashington

West Virginia

Wisconsin
Wyoming

−
0.

03
−

0.
01

0.
01

0.
02

0.
03

beta1 − Females, Black (non−Hispanic)

Age

Lo
g 

M
or

ta
lit

y 
R

at
e 

O
ffs

et

20 30 40 50 60 70 80 90 100

Alabama

Alaska
Arizona

Arkansas
California
Colorado

Connecticut

Delaware
District of Columbia

Florida

Georgia

Hawaii

Idaho

Illinois
Indiana

Iowa

Kansas

Kentucky

Louisiana

Maine
Maryland

Massachusetts

Michigan

MinnesotaMississippi

MissouriMontana

Nebraska

Nevada
New Hampshire

New Jersey

New MexicoNew York

North Carolina

North Dakota
Ohio
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4 Scenario Results
We ran counterfactual scenarios to estimate mortality attributable to different levels of risk factors: excess
weight (BMI > BMI∗), and smoking status. We ran the following scenarios, and compared the results to
our Baseline (i.e. status quo) scenario. We used the No Excess Weight scenario as our primary scenario for
estimating excess mortality related to excess weight, and the No Smoking scenario as our primary scenario for
estimating excess mortality related to smoking history. Note that these scenarios are not realistic estimates of
the impact of BMI or smoking cessation interventions, but are used to estimate excess mortality attributable
to each risk factor level, compared to the lowest possible mortality (i.e. no excess weight and no smoking
history). Realistic estimates of the impact of interventions would instead simulate counterfactual scenarios in
which individuals’ BMIs were reduced by some plausible amount, or current smokers became former smokers.

Scenario Description
Baseline No change (status quo)
No Excess Weight Set all BMI > BMI∗ to BMI∗
No Overweight Set all 25 ≤ BMI < 30 to BMI∗
No Class 1 Obesity Set all 30 ≤ BMI < 35 to BMI∗
No Class 2 Obesity Set all 35 ≤ BMI < 40 to BMI∗
No Class 3 Obesity Set all BMI ≥ 40 to BMI∗
No Obesity Set all BMI ≥ 30 to BMI∗
No Ever Smokers Set all current and former smokers to never smokers
No Current Smokers Set all current smokers to never smokers
No Former Smokers Set all former smokers to never smokers

4.1 Excess Weight-Related Mortality
4.1.1 State

Excess mortality due to any excess weight. Means (95% UI)

State Excess deaths
per day: 1999

Excess deaths
per day: 2016

Excess
mortality rate
(%): 1999

Excess
mortality rate
(%): 2016

Life expectancy
loss (years):
1999

Life expectancy
loss (years):
2016

Alabama 18 (17-20) 27 (25-30) 14.56
(13.17-15.97)

19.33
(17.89-20.82)

2.11 (1.89-2.36) 2.91 (2.65-3.21)

Alaska 1 (1-2) 2 (2-3) 17.63
(13.28-22.18)

20.77
(16.99-25.02)

2.1 (1.47-2.8) 2.57 (1.97-3.26)

Arizona 11 (10-13) 26 (24-28) 10.87
(9.57-12.29)

17.45
(16.15-18.74)

1.42 (1.23-1.62) 2.35 (2.15-2.54)

Arkansas 11 (9-12) 17 (15-19) 13.74
(12.18-15.36)

19.47
(17.79-21.23)

2.03 (1.76-2.33) 2.91 (2.6-3.23)

California 86 (80-92) 114 (107-121) 13.58
(12.71-14.52)

16.03
(15.18-16.86)

1.75 (1.64-1.87) 1.96 (1.85-2.07)

Colorado 9 (8-10) 15 (13-16) 11.97
(10.36-13.95)

14.87
(13.53-16.35)

1.44 (1.23-1.68) 1.75 (1.57-1.94)

Connecticut 11 (9-12) 13 (12-15) 13.11
(11.62-14.67)

16.3 (14.73-18) 1.63 (1.4-1.86) 1.98 (1.76-2.22)

Delaware 2 (2-3) 4 (4-5) 13.53
(10.66-16.69)

18.35
(15.7-21.02)

1.85 (1.42-2.35) 2.4 (1.96-2.87)

District of Columbia 3 (2-3) 2 (2-3) 16.02
(12.93-19.25)

18.52
(14.92-22.03)

2.76 (2.08-3.43) 2.6 (2.06-3.2)

Florida 57 (53-62) 88 (83-93) 12.72
(11.73-13.82)

16.49
(15.58-17.41)

1.76 (1.61-1.94) 2.29 (2.15-2.44)

Georgia 26 (24-28) 44 (41-47) 14.99
(13.78-16.37)

20
(18.71-21.29)

2.03 (1.85-2.25) 2.62 (2.43-2.81)

Hawaii 2 (2-3) 4 (3-4) 10.16
(8.01-12.5)

12.4
(10.35-14.77)

1.44 (1.1-1.79) 1.76 (1.43-2.16)
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(continued)
State Excess deaths

per day: 1999
Excess deaths
per day: 2016

Excess
mortality rate
(%): 1999

Excess
mortality rate
(%): 2016

Life expectancy
loss (years):
1999

Life expectancy
loss (years):
2016

Idaho 3 (3-4) 6 (5-7) 13.32
(10.84-15.97)

16.39
(14.16-18.83)

1.65 (1.3-2.04) 2.01 (1.68-2.36)

Illinois 45 (41-48) 52 (48-56) 15.53
(14.39-16.69)

18.02
(16.9-19.3)

2.11 (1.93-2.29) 2.34 (2.17-2.54)

Indiana 21 (19-24) 32 (30-35) 14.27
(12.72-16.09)

18.88
(17.58-20.39)

1.94 (1.71-2.23) 2.59 (2.38-2.83)

Iowa 11 (10-13) 15 (13-17) 14.54
(12.93-16.22)

18.24
(16.56-19.97)

1.91 (1.66-2.18) 2.39 (2.12-2.66)

Kansas 9 (8-10) 12 (11-14) 13.27
(11.62-15.07)

17.62
(16-19.31)

1.77 (1.53-2.06) 2.3 (2.03-2.56)

Kentucky 15 (14-17) 25 (23-28) 13.82
(12.41-15.38)

20.04
(18.5-21.67)

1.92 (1.68-2.18) 2.82 (2.56-3.13)

Louisiana 17 (16-19) 25 (23-27) 15.37
(14.01-16.87)

20.75
(19.39-22.32)

2.22 (1.98-2.47) 3.01 (2.75-3.3)

Maine 5 (4-6) 7 (6-7) 13.59
(11.52-15.86)

16.84
(14.59-18.92)

1.79 (1.47-2.16) 2.05 (1.73-2.4)

Maryland 18 (16-20) 23 (21-25) 14.93
(13.6-16.45)

18.25
(16.86-19.71)

1.99 (1.76-2.23) 2.36 (2.16-2.59)

Massachusetts 19 (17-22) 24 (22-27) 12.14
(10.8-13.76)

15.97
(14.65-17.36)

1.54 (1.36-1.75) 1.86 (1.69-2.05)

Michigan 36 (33-40) 49 (45-53) 15.08
(13.66-16.62)

18.52
(17.24-19.96)

2.11 (1.92-2.34) 2.53 (2.34-2.76)

Minnesota 13 (12-15) 20 (18-22) 13.69
(12.14-15.31)

16.93
(15.51-18.53)

1.61 (1.39-1.82) 2 (1.8-2.21)

Mississippi 12 (11-14) 17 (16-19) 15.79
(14.2-17.43)

19.81
(18.2-21.54)

2.55 (2.23-2.88) 3.18 (2.86-3.51)

Missouri 23 (21-26) 32 (29-35) 14.76
(13.33-16.49)

19.28
(17.95-20.83)

2.1 (1.89-2.35) 2.73 (2.5-2.99)

Montana 3 (2-4) 4 (4-5) 13.26
(10.86-15.99)

16.22
(13.74-19.04)

1.73 (1.34-2.19) 2.11 (1.67-2.57)

Nebraska 6 (5-7) 8 (7-9) 13.57
(11.54-15.82)

17.76
(15.83-19.84)

1.86 (1.54-2.22) 2.31 (2-2.64)

Nevada 6 (5-7) 11 (9-12) 13.94
(12.13-15.9)

16.76
(14.87-18.6)

1.69 (1.42-1.99) 2.17 (1.89-2.48)

New Hampshire 3 (3-4) 5 (5-6) 12.54
(10.23-15.11)

16.22
(14.1-18.34)

1.48 (1.17-1.85) 1.87 (1.57-2.21)

New Jersey 27 (25-30) 34 (31-36) 13.59
(12.52-14.81)

16.9
(15.73-18.14)

1.78 (1.62-1.95) 2.11 (1.95-2.29)

New Mexico 5 (4-6) 8 (7-9) 12.78
(10.87-14.65)

16.41
(14.63-18.32)

1.76 (1.45-2.05) 2.49 (2.17-2.82)

New York 58 (53-63) 68 (64-72) 13.63
(12.55-15.02)

16.24
(15.33-17.29)

1.84 (1.7-2.01) 2.01 (1.89-2.14)

North Carolina 28 (25-31) 44 (40-47) 14.25
(12.97-15.77)

17.96
(16.81-19.16)

1.94 (1.74-2.17) 2.4 (2.22-2.59)

North Dakota 2 (2-3) 3 (3-4) 14.83
(11.79-17.97)

18.48
(15.39-21.58)

1.95 (1.48-2.44) 2.49 (1.97-3.02)

Ohio 42 (38-47) 60 (55-64) 14.11
(12.72-15.71)

18.47
(17.35-19.72)

2.03 (1.84-2.25) 2.58 (2.39-2.78)

Oklahoma 14 (12-16) 21 (19-23) 14.36
(12.82-15.95)

19.84
(18.31-21.48)

2.08 (1.83-2.34) 2.89 (2.62-3.18)

Oregon 11 (10-13) 16 (14-18) 13.37
(11.54-15.34)

16.9
(15.33-18.54)

1.73 (1.49-2.01) 2.11 (1.87-2.36)

Pennsylvania 54 (48-59) 65 (60-69) 14.63
(13.28-16.06)

18.16
(17.11-19.24)

2.02 (1.85-2.22) 2.42 (2.25-2.58)

Rhode Island 4 (3-4) 5 (4-5) 13.29
(10.96-15.75)

16.72
(14.23-19.28)

1.7 (1.32-2.12) 2.13 (1.76-2.53)

South Carolina 15 (14-17) 24 (22-26) 15.2
(13.75-16.84)

18.58
(17.27-19.92)

2.19 (1.96-2.46) 2.6 (2.36-2.83)
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(continued)
State Excess deaths

per day: 1999
Excess deaths
per day: 2016

Excess
mortality rate
(%): 1999

Excess
mortality rate
(%): 2016

Life expectancy
loss (years):
1999

Life expectancy
loss (years):
2016

South Dakota 3 (2-3) 4 (3-4) 13.65
(10.88-16.46)

17.25
(14.42-20.25)

1.91 (1.44-2.4) 2.34 (1.86-2.85)

Tennessee 19 (17-21) 36 (33-39) 12.54
(11.25-14.13)

19.55
(18.07-21.05)

1.81 (1.61-2.05) 2.84 (2.6-3.09)

Texas 59 (55-64) 103 (98-109) 14.76
(13.78-15.85)

19.61
(18.66-20.61)

1.95 (1.82-2.1) 2.57 (2.43-2.73)

Utah 4 (3-5) 8 (7-9) 11.9
(9.69-14.15)

16.96
(14.92-18.93)

1.47 (1.17-1.78) 2.03 (1.74-2.31)

Vermont 2 (1-2) 3 (2-3) 13.33
(10.33-16.36)

16.83
(13.87-19.97)

1.64 (1.2-2.08) 2.01 (1.57-2.5)

Virginia 21 (19-23) 32 (29-34) 13.87
(12.56-15.4)

17.88
(16.58-19.23)

1.77 (1.58-2) 2.23 (2.05-2.43)

Washington 16 (14-19) 26 (24-29) 13.65
(12.07-15.34)

17.46
(16.1-18.85)

1.77 (1.56-2.01) 2.1 (1.91-2.31)

West Virginia 9 (8-10) 13 (11-14) 15
(13.28-16.96)

20.05
(18.11-21.86)

2.07 (1.77-2.42) 2.95 (2.6-3.32)

Wisconsin 18 (16-21) 26 (24-29) 14.03
(12.41-15.82)

18.43
(16.91-20.18)

1.91 (1.67-2.18) 2.31 (2.09-2.56)

Wyoming 1 (1-2) 2 (2-3) 13.12
(9.76-16.68)

16.9
(13.33-20.33)

1.7 (1.16-2.31) 2.27 (1.73-2.82)
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4.1.2 Age Group
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4.2 Excess Mortality by BMI Category
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4.3 Excess Mortality Maps, 2016
When mapping results by state, we excluded estimates based on fewer than 50 respondents in the 2016
BRFSS.
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4.3.2 Life Expectancy Loss
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4.4 Excess Mortality Trends
Life expectancy = Period conditional (age 20) life expectancy

4.4.1 National
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4.4.2 Alabama
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4.4.3 Alaska
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4.4.6 California
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4.4.7 Colorado
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4.4.8 Connecticut
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4.4.9 Delaware
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4.4.10 District of Columbia
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4.4.11 Florida
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4.4.15 Illinois

2000 2005 2010 2015

0
20

0
40

0
60

0
80

0
10

00

Mortality Rate, Overall (20+)

Year

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

Status Quo No Excess Weight

2000 2005 2010 2015

0
50

10
0

15
0

20
0

Excess Mortality Rate, Overall (20+)

Year

E
xc

es
s 

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

All Excess Weight

2000 2005 2010 2015

0e
+

00
4e

+
04

8e
+

04

Total Deaths, Overall (20+)

Year

D
ea

th
s

Status Quo No Excess Weight

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0
20

00
0

Excess Deaths, Overall (20+)

Year

E
xc

es
s 

D
ea

th
s

All Excess Weight

2000 2005 2010 2015

70
72

74
76

78
80

82

Life Expectancy, Overall (20+)

Year

Li
fe

 E
xp

ec
ta

nc
y

Status Quo No Excess Weight

2000 2005 2010 2015

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

Life Expectancy Loss, Overall (20+)

Year

Li
fe

 E
xp

ec
ta

nc
y 

Lo
ss

All Excess Weight

374



2000 2005 2010 2015

0
50

10
0

15
0

20
0

25
0

Excess Mortality Rate, Sex (20+)

Year

E
xc

es
s 

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

Males Females

2000 2005 2010 2015

0
20

00
40

00
60

00
80

00
10

00
0

12
00

0

Excess Deaths, Sex (20+)

Year

E
xc

es
s 

D
ea

th
s

Males Females

2000 2005 2010 2015

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

Life Expectancy Loss, Sex (20+)

Year

Li
fe

 E
xp

ec
ta

nc
y 

Lo
ss

Males Females

2000 2005 2010 2015

0
50

10
0

15
0

20
0

25
0

30
0

Excess Mortality Rate, Race/Ethnicity (20+)

Year

E
xc

es
s 

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

00
10

00
0

15
00

0

Excess Deaths, Race/Ethnicity (20+)

Year

E
xc

es
s 

D
ea

th
s

White (non−Hispanic)
Black (non−Hispanic)
Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
1

2
3

4

Life Expectancy Loss, Race/Ethnicity (20+)

Year

Li
fe

 E
xp

ec
ta

nc
y 

Lo
ss

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

0
20

0
30

0

Excess Mortality Rate, Males, Race/Ethnicity (20+)

Year

E
xc

es
s 

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
10

00
20

00
30

00
40

00
50

00
60

00

Excess Deaths, Males, Race/Ethnicity (20+)

Year

E
xc

es
s 

D
ea

th
s

White (non−Hispanic)
Black (non−Hispanic)
Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
1

2
3

4

Life Expectancy Loss, Males, Race/Ethnicity (20+)

Year

Li
fe

 E
xp

ec
ta

nc
y 

Lo
ss

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

375



2000 2005 2010 2015

0
10

0
20

0
30

0
Excess Mortality Rate, Females, Race/Ethnicity (20+)

Year

E
xc

es
s 

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
20

00
40

00
60

00
80

00
10

00
0

Excess Deaths, Females, Race/Ethnicity (20+)

Year

E
xc

es
s 

D
ea

th
s

White (non−Hispanic)
Black (non−Hispanic)
Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
1

2
3

4
5

Life Expectancy Loss, Females, Race/Ethnicity (20+)

Year

Li
fe

 E
xp

ec
ta

nc
y 

Lo
ss

White (non−Hispanic)
Black (non−Hispanic)

Hispanic
Other (non−Hispanic)

2000 2005 2010 2015

0
50

0
10

00
15

00
20

00

Excess Mortality Rate, Age Group

Year

E
xc

es
s 

M
or

ta
lit

y 
R

at
e 

(p
er

 1
00

,0
00

)

20−2425−3435−44
45−54

55−64

65−74

75−84

85+

2000 2005 2010 2015

0
10

00
20

00
30

00
40

00
50

00

Excess Deaths, Age Group

Year

E
xc

es
s 

D
ea

th
s

20−24

25−3435−44

45−54

55−64

65−74

75−8485+

376



4.4.16 Indiana
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4.4.23 Massachusetts
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4.4.29 Nebraska
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4.4.30 Nevada
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4.4.31 New Hampshire
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4.4.32 New Jersey
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4.4.33 New Mexico
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4.4.34 New York
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4.4.35 North Carolina
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4.4.36 North Dakota
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4.4.51 Wisconsin
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5 Sensitivity Analysis
As a sensitivity analysis, we allowed the ‘optimal’ BMI to vary by age and re-ran the model calibration and
analyses of excess mortality.

We set priors for ‘optimal’ BMI by age group, based on estimates from the Global BMI Mortality Collaboration,
which suggest that the optimal BMI may increase with age. Here we plot the estimated prior means, based
on Appendix eFigure 7B (Global BMI Mortality Collaboration 2016). We set priors for the midpoint of each
age group, and used cubic splines to interpolate values across all ages 20-100.
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Reference: Global BMI Mortality Collaboration, Di Angelantonio E, Bhupathiraju ShN, et al. Body-mass
index and all-cause mortality: individual-participant-data meta-analysis of 239 prospective studies in four
continents. Lancet 2016;388(10046):776-86.
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5.1 Calibrated Parameters
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5.2 Results
Sensitivity Analysis: Excess Weight-Related Mortality Indicators, US Adults (20+) - Means (95% UI)

Group Excess deaths
per day: 1999

Excess deaths
per day: 2016

Excess
mortality rate
(%): 1999

Excess
mortality rate
(%): 2016

Life expectancy
loss (years):
1999

Life expectancy
loss (years):
2016

Overall 443 (218-628) 819 (614-1012) 6.73 (3.32-9.55) 10.97
(8.2-13.49)

1.15 (0.66-1.51) 1.62 (1.18-1.97)

Sex
Male 283 (259-315) 472 (438-516) 8.84 (8.07-9.79) 12.54

(11.63-13.68)
1.29 (1.17-1.41) 1.73 (1.62-1.85)

Female 174 (42-375) 354 (165-529) 5.16
(1.24-11.15)

9.56
(4.42-14.16)

1.01 (0.44-1.67) 1.49 (0.56-2.14)
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(continued)
Group Excess deaths

per day: 1999
Excess deaths
per day: 2016

Excess
mortality rate
(%): 1999

Excess
mortality rate
(%): 2016

Life expectancy
loss (years):
1999

Life expectancy
loss (years):
2016

Race/Ethnicity
White,
non-Hispanic

284 (145-440) 552 (347-724) 5.21 (2.64-8.1) 9.4 (5.9-12.26) 0.9 (0.29-1.27) 1.41 (0.79-1.81)

Black,
non-Hispanic

120 (79-142) 162 (124-184) 15.9 (10.5-18.9) 19.24
(14.85-21.83)

2.62 (1.62-3.15) 2.81 (2.01-3.24)

Hispanic 40 (31-46) 88 (72-98) 14.61
(11.42-16.76)

17.42
(14.45-19.46)

1.59 (1.24-1.83) 1.8 (1.44-2.03)

Other,
non-Hispanic

7 (2-11) 17 (8-25) 6.17 (2.16-9.63) 7.03
(3.43-10.68)

0.57 (0.17-0.93) 0.75 (0.41-1.12)

Sex +
Race/Ethnicity
Male: White,
non-Hispanic

207 (181-241) 344 (312-387) 7.92 (6.96-9.15) 11.68
(10.58-13.08)

1.06 (0.97-1.2) 1.5 (1.38-1.66)

Male: Black,
non-Hispanic

52 (35-60) 72 (57-81) 13.85
(9.39-15.79)

16.93
(13.34-18.75)

2.39 (1.51-2.71) 2.62 (1.94-2.93)

Male: Hispanic 18 (11-22) 42 (33-49) 11.85
(7.43-14.34)

15.49
(12.09-18)

1.38 (0.96-1.68) 1.62 (1.25-1.92)

Male: Other,
non-Hispanic

6 (5-8) 14 (11-16) 10.07 (7.5-12.6) 11.43
(8.97-13.94)

1.02 (0.74-1.3) 1.22 (0.95-1.48)

Female: White,
non-Hispanic

98 (4-283) 222 (85-378) 3.47
(0.13-10.04)

7.55 (2.9-12.75) 0.77 (0.16-1.57) 1.34 (0.47-2.11)

Female: Black,
non-Hispanic

67 (38-88) 90 (61-108) 17.97
(10.25-23.43)

21.63
(14.76-26.18)

2.86 (1.36-3.82) 2.93 (1.78-3.65)

Female:
Hispanic

22 (15-26) 46 (32-54) 18.05
(12.72-21.33)

19.65
(13.77-22.91)

1.84 (1.28-2.2) 1.96 (1.38-2.34)

Female: Other,
non-Hispanic

2 (0-5) 4 (0-12) 3.6 (0.11-9.7) 3.7 (0.15-10.07) 0.32 (0.01-0.86) 0.38 (0.01-1.03)
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